Background: Determinants of practice are factors that might prevent or enable improvements. Several checklists, frameworks, taxonomies, and classifications of determinants of healthcare professional practice have been published. In this paper, we describe the development of a comprehensive, integrated checklist of determinants of practice (the TICD checklist).
Background
Tailored implementation interventions are strategies that are designed to achieve improvements in healthcare based on an assessment of determinants of practice. There is systematic review evidence that tailored interventions can improve healthcare [1] , although the review identified that there was a clear need for an improved understanding of the methods of tailoring. Systematic tailoring entails (at least) three key steps: identification of the determinants of practice, designing implementation interventions appropriate to the determinants, and application and assessment of implementation interventions that are matched to the identified determinants [2] .
The basic idea underlying tailored interventions is that different types and constellations of influences or determinants affect different types of practice changes. To implement an evidence-based recommendation in a specific context, we may need detailed information about how specific determinants might affect the desired changes in practice. The changes needed to implement different recommendations vary widely; some changes are relatively simple, while other changes are more complex; e.g., requiring new ways of delivering or organising care. Different determinants are likely to affect different types of changes. The impact of a specific determinant for a specific type of change may vary across different contexts and different health professionals within a given context.
Determinants of healthcare professional practice are factors that might prevent or enable improvements in that practice. Such factors have also been referred to as barriers and enablers, barriers and facilitators, problems and needs, or disincentives and incentives [2] . Determinants of practice may act as moderators or 'effect modifiers, ' or they may act as mediators; indicating that they are links in a chain of causal mechanism [3] . We have limited evidence on the moderating or mediating influence of specific determinants on the effectiveness of implementation interventions. It is unlikely that there is a simple linear causal relationship linking specific determinants to specific changes in practice; rather, it is more plausible that different determinants interact in ways that make it difficult to confidently predict the likely impact of each specific determinant.
Several checklists, frameworks, taxonomies, and classifications of determinants of practice have been published [3] [4] [5] [6] [7] [8] . Some of these have been developed based on theories, and some based on empirical research.
Stavri and Michie have identified six different types of classification systems from the natural, medical, and social sciences: nomenclatures, hierarchical classification, matrix classification, ordered sets, faceted classification, and social categorization systems [9] . Different terms such as checklist, framework, taxonomy, and classifications may represent different ways of framing, understanding, or thinking about the idea of determinants of practice. However, for applied purposes they can also be considered to be similar tools. We use the term 'checklist' as a generic term for any system for identifying and classifying determinants of practice.
Having many such lists may be confusing both for those who use them as checklists for identifying determinants of practice and for those interpreting the results of studies that have used different checklists. A common checklist that can be used internationally across different settings and types of targeted practices should reduce this confusion and facilitate clear and consistent reporting and interpretation of implementation research. This would facilitate the design of effective interventions and accumulation of knowledge on change of healthcare practice.
We have developed a checklist to identify determinants of practice to be used and evaluated in the project 'Tailored Implementation for Chronic Diseases' (TICD) [2] . While our focus is thus primarily on healthcare for patients with chronic diseases, we suggest that the checklist can be applied more broadly.
The comprehensive, integrated checklist of determinants of practice (the TICD Checklist) is intended as a screening tool to identify determinants that warrant further in-depth investigation. Subsequent investigation of determinants and the design of implementation strategies should focus on the factors that are most relevant for a specific recommendation. The aim of the checklist is to guide reflection and data collection on determinants of practice for a particular change, in order to explore which specific influences are most likely to be important. The idea is that this can facilitate tailoring more effective change interventions and the evaluation and reporting of tailored interventions. The checklist is intended to help both implementation researchers and people responsible for quality improvement in healthcare.
In this paper we describe the development of the TICD checklist of determinants of healthcare professional practice and present the checklist and accompanying worksheets that we have developed to facilitate its use.
Methods
Our objective was to identify or develop a list of determinants of practice that was comprehensive and nonoverlapping. We also wanted it to be easy to understand and use.
Study design
We performed a systematic review and synthesis of frameworks and taxonomies of determinants of practice, followed by a consensus process among implementation researchers to develop the TICD checklist.
Review protocol and registration
This work is based on the protocol for the TICD project [2] . We developed, but did not publish or register a protocol for this systematic review of checklists of determinants of practice.
Eligibility criteria
We included any kind of study or paper that described a checklist of determinants for changing healthcare professional practice, organisational change, or changes in health system arrangements. To be included, the checklist must have been used or been suitable for use in identifying determinants of practice prior to intervening to make improvements. We did not apply language restrictions.
We applied the following conceptual considerations when deciding on inclusion of studies in the review. Our focus was on determinants of change, including determinants of current practice that are relevant to achieving change. More specifically, we focussed on the implementation of evidence-based recommendations in health care. However, we also included checklists for the diffusion of innovations, if they met our other inclusion criteria described here. We defined 'determinants of practice' as factors that might prevent or enable healthcare improvements. These include factors that can be modified and factors that can be used to gauge the potential for achieving change. We considered evidencebased recommendations and innovations in any healthcare setting (including primary and secondary care) and in public health services as well as clinical services. Relevant outcomes included any desired change in the effectiveness, safety, efficiency, responsiveness, or equity of health services.
The determinants may be pragmatically defined or be linked to broader theoretical perspectives. They can relate to any or all of professional behaviour, organisation of healthcare, and health system arrangements. They can also be related to patient behaviours that might prevent or enable healthcare improvements and characteristics of the social and political environment, which might constrain or enable efforts to improve health services.
We excluded:
1. Checklists for determinants of health promotion (changing patient or health behaviours) and checklists that did not focus on health care. 2. Studies to identify barriers and enablers to inform the development of an intervention, (and not to develop a checklist to be used to identify barriers and enablers).
3. Checklists that were specific (and only applicable) for a particular type of practice or change. 4. Checklists that were narrowly focussed (e.g., only focussed on a single domain, such as attributes of a guideline). 5. Frameworks that only included broad domains (e.g., guideline factors) and not specific determinants within those domains (e.g., clarity or cultural appropriateness).
Search
We conducted two electronic searches. First, we used text words and index terms from published papers that we already had on file [3] [4] [5] [6] [7] [8] to construct search strategies for Medline, the Cochrane Methodology Register, CINAHL, PsycInfo, Science Citation Index & Social Sciences Citation Index, and Sociological Abstracts. Second, in a parallel systematic review for the TICD project, we also searched for studies on methods for identifying barriers and enablers for changing practice, and we screened those search results for studies of checklists of determinants of practice. In the searches, we used terms such as barrier, obstacle, enabler, facilitator, classification, taxonomy, ontology, theory, and framework. The search strategies are reported in Additional file 1. We screened the reference lists of key background documents and relevant articles, including a Cochrane review of tailored interventions [1] .
Study selection
Two authors (among SF, JK, NM and RB) independently read the titles and the abstracts resulting from the search process and eliminated any irrelevant articles. We retrieved the full text of potentially relevant articles. Two authors (among SF, AO, and JK) assessed each retrieved article using the selection criteria. We included articles meeting all of the selection criteria. Disagreements were resolved by discussion to reach consensus among the authors.
Data collection process and data items
One author (SF, AO, or JK) collected the following information from each included article:
1. The theory, model or logic underlying how the determinants were selected, described and grouped (and relevant references). 2. Any information that was provided regarding the strengths or advantages and weaknesses or disadvantages of the checklist. 3. The determinants included in each checklist. 4. The domains (ways in which determinants were grouped) in each checklist.
A second author (SF, AO or JK) verified the data against the original articles.
Synthesis of results
We compiled a list of attributes that a checklist of determinants of practice should have. We developed this list iteratively, building on previous criteria for 'sensibility' (the extent to which the criteria are sensible) [10] [11] [12] [13] , discussion amongst TICD collaborators, and iterative revisions. The list of attributes to be considered included:
1. Comprehensiveness: It should include all important domains and determinants. 2. Relevance: Irrelevant and unimportant domains and determinants should not be included. 3. Applicability: It should be applicable across different (relevant) settings, clinical and public health practice, and different types of targeted practices. 4. Simplicity: It should be as simple as possible. 5. Logic: The structure (the way in which determinants are organised) should be logical, easy to understand and easy to remember (for the intended target audience-people doing or using implementation research-including researchers, health professionals, and managers). 6. Clarity: Each dimension and determinant should be clearly labelled, defined and easy to understand. 7. Usability: It should be possible for researchers, health professionals and managers to use the checklist. 8. Suitability: It should be suitable both as a checklist for identifying determinants of practice and for reporting determinants of practice in studies and in systematic reviews. 9. Usefulness: It should be useful to people designing implementation strategies and reporting determinants of practice in research reports.
Three authors (SF, JK and AO) independently assessed the included checklists using the above criteria. Two authors (SF, AO) are physicians and one author (JK) is a dietician; all are researchers with strong commitment to evidence-based medicine and interest in how to implement this in practice. We also made an overall assessment of the checklists. This was a global judgement made independently by the three of us based on our assessments in relationship to each of the criteria that we used. Finally, we checked if there was anything else noteworthy that could be learned from the checklists, including how they were developed, evaluated, used, or presented. We identified additional desirable attributes of included checklists and then assessed whether each of the included checklists had each of the identified attributes.
Development of a comprehensive checklist
One of the authors (AO) drafted a preliminary checklist based on the compiled list of determinants and domains from the included checklists, and this compiled list was checked by two authors (SF, JK). Determinants and domains that were identical or nearly identical were aggregated.
All of the authors gave feedback on the preliminary checklist. A revised draft was sent to all participants in the TICD project with a structured feedback form containing the desired attributes (Additional file 2). AO summarized the feedback, and revised the checklist accordingly. AO also drafted five worksheets to support use of the TICD checklist. The authors discussed the development of the checklist and worksheets in an informal and iterative process using telephone conferences and e-mails to reach a consensus on the determinants that should be included and the underlying model or logic that should be used to organise the determinants.
Results

Study selection
Our electronic searches for taxonomies or checklists for determinants of practice yielded 781 records. In addition, we had 4,997 records from searches for studies of methods for identifying barriers and enablers to changing practice. We screened all 5,778 titles and abstracts and retrieved 87 potentially relevant papers in full text. Several of these papers had references to papers that we also retrieved in full text and checked for inclusion. We also checked potentially relevant papers we had on file that were not retrieved by the searches. After excluding frameworks that were not comprehensive (i.e., focussed on a specific domain or condition), we included 12 checklists of determinants of practice [3] [4] [5] 7, 8, [14] [15] [16] [17] [18] [19] [20] . Details of the selection process are summarized in Figure 1 .
Study characteristics
The 12 included checklists varied in complexity and number of determinants, and in the way the determinants were grouped. Several of the included checklists were based on literature reviews [3, 4, 14, 16, 17, 20] ; others were mainly developed by brainstorming or consensus processes [5, 7, 15] , and some of the papers did not specify the methods used to produce the checklists [8, 19] . The PAHRIS framework was developed using retrospective case study analysis and concept analysis of each of the core elements evidence, context, and facilitation [21] .
All of the checklists included determinants related to the individual professionals, such as knowledge, skills, and attitudes. Several of the checklists focussed on the individual health professionals. Six of the checklists included characteristics of the intervention, innovation, or guideline to be implemented. Determinants related to patients or recipients of care were included in five checklists. Professional interaction was explicitly addressed in four checklists. Determinants related to incentives and resources, capacity for organisational change, and social, political, and legal factors were listed in several of the checklists, but many determinants in these domains were lacking from several of the checklists, and they were not fully covered in any of them.
The domains and determinants extracted from the 12 checklists are presented in Additional file 3. Although we excluded checklists that we considered not comprehensive and not generic, which focussed on specific dimensions or conditions, none of the 12 included checklists were completely comprehensive when compared to the aggregated list of determinants and domains.
In addition to the determinants that we had compiled to assess the included checklists, we identified the following desirable attributes by examining the checklists: 5. Inclusion of: a. Definitions or explanations [15, 19] . b. Questions to be used in brainstorming/interview or surveys to identify determinants [7] . c. Methods to investigate each determinant (and why, based on empirical evidence and logic) [14] . d. Examples of specific determinants for specific recommendations [19] . e. Examples of implementation strategies to address each determinant [3, 19, 22] . 6. Having a concise version (e.g., domains and subdomains) and a long (comprehensive) version. 7. Tools (worksheets and guides) for using the checklist [16, 23] . 8. A check regarding potential for perceptions to be wrong [4] .
The first two of these attributes are similar to the criteria we used to assess the sensibility of the checklists (comprehensiveness and clarity). The others are desirable features that one or more of the included checklists had. They relate to the usability and usefulness of the checklists. None of the included checklists had all of these features. There was little disagreement among the three authors assessing the included papers, and all disagreement was easily resolved by discussion.
Synthesis of results-development of the TICD checklist of determinants of practice
Our checklist, based on the synthesis of the compiled list of determinants and domains, includes 57 potential determinants of practice grouped in seven domains. These seven domains are: guideline factors; individual health professional factors; patient factors; professional interactions; incentives and resources; capacity for organisational change; and social, political, and legal factors. Table 1 summarizes the main domains and determinants in the included 12 checklists by comparison to the domains in the TICD checklist.
The full checklist includes a definition, exploratory questions and examples for each determinant (Additional file 4).
In the checklist, we have used the term 'adherence' (or 'adhere') as shorthand for adherence by health professionals to an evidence-based recommendation for clinical (or public health) practice. It should be noted, however, that we regard the use of evidence in clinical decisions and actions as more complex than simple 'adherence. ' We have used 'necessary change' to refer to organisational or system changes that are needed to enable recommended clinical practice.
The focus of the checklist is on a specific recommendation for clinical practice. When multiple recommendations are being implemented, as in a clinical practice guideline, it is necessary to consider each determinant in relationship to each recommendation, because the relevance and importance of determinants can vary across different recommendations within a guideline.
Worksheets
Based on ideas from the included checklists (particularly Barriers Identification and Mitigation Tool [23] ), the drafts of the TICD checklist and feedback and discussion among the authors, we developed five worksheets that are intended to help people who are designing a tailored implementation strategy to apply the TICD checklist to identify determinants of practice for specific recommendations:
Worksheet 1 (Additional file 5) can be used to prioritize the recommendations that warrant targeted implementation efforts.
Worksheet 2 (Additional file 6) can be used to tailor the TICD checklist to address the specific recommendations that have been identified as priorities.
Worksheet 3 (Additional file 7) can be used to prioritize determinants based on the results of investigations (e.g., brainstorming, surveys, interviews, or focus groups). Worksheet 4 (Additional file 8) is to help people to develop an implementation strategy in a pragmatic way based flowing from the assessment of determinants.
Worksheet 5 (Additional file 9) is a suggested structure and table for reporting determinants in articles reporting trials or other evaluations of implementation strategies.
Discussion
Using a systematic review and a consensus process in a group of implementation researchers, we have developed a comprehensive checklist for determinants of healthcare professional practice, and five worksheets to support the use of the checklist in implementation projects.
The checklist is comprehensive and generic. The checklist can potentially be used by both implementation researchers and others designing implementation interventions and quality improvement projects.
Unlike most systematic reviews, we did not assess the risk of bias in the methods used to develop included checklists, because this was not relevant to our review. However, we found that both methods based on theories and methods based on reviewing empirical studies resulted in incomplete lists of determinants. Instead, we applied criteria for assessing the 'sensibility' of the included checklists.
Also, unlike most systematic reviews, our synthesis did not focus on analysing the frequency with which different items were included (or any sort of an average across included checklists) or on the support for including (or excluding) different determinants provided for each of the included checklists. Instead, the synthesis of the included checklists was focussed on completeness (including all relevant determinants) without redundancy or undue overlap across included determinants, and grouping the determinants logically.
Given the complex, yet limited theoretical and empirical knowledge about determinants of practice in healthcare, based on several different scientific disciplines, it is difficult to develop a checklist that has all the attributes that we desired. Moreover, some of the desired attributes may need to be balanced against others. For example, the more comprehensive a checklist is, the less likely it is to be simple. None of the checklists we reviewed were comprehensive, compared to the compiled list of determinants based on all the 12 papers. The checklist we developed is more comprehensive, without containing overlapping determinants, but as a consequence it is less simple than some other checklists.
By developing a compiled list of determinants based on 12 different frameworks, we may have made a smorgasbord of a variety of issues and diluted the underlying conceptual or theoretical basis of the individual checklists we reviewed. However, all of the checklists included overlapping constructs and none had a compelling theoretical basis. Ultimately, the decision about how best to organise the checklist was based on our judgement that the checklist is organised in a way that is logical and easy to understand. This judgement was informed by our review and our experience as clinicians and researchers, and confirmed by feedback from others not involved in the development of the checklist. Neither the checklist nor the worksheets have been validated. Further evaluation and possibly further modifications of the checklist and the worksheets are needed. This includes feedback from a broader range of people and application of the checklist in implementation studies, both of which are ongoing.
This work is based on a pragmatic approach to understanding health professional behaviour change. There are other paradigms, for example the social science interactionist paradigm that would not draw on the checklist approach we have devised.
The focus of the checklist is on provider behaviour, not patient behaviour. This might be considered a limitation of the review, as we are interested in implementing evidencebased practice. Our electronic searches did not identify all relevant checklists. Several of the included checklists were identified through screening of reference lists and by prior knowledge of the field. It is thus possible that we missed relevant papers. We are continuing to search for other checklists through contact with experts in the field and we hope that publicizing the checklist will encourage authors of relevant checklists to bring these to our attention. A list of excluded papers is available on request.
Implications for research
The TICD checklist is not a finished product, and will benefit from further development. We have started using the checklist and worksheets in the TICD project, and we will systematically evaluate our experiences, with the aim of improving both the checklist and the worksheets. We have also contacted international experts about checklists that we might have missed and invited them to provide structured feedback on the checklist (Additional file 2).
We plan to update the checklist and worksheets based on a summary of the feedback from the international experts, assessments of potentially relevant papers that we might have missed, and an evaluation of our experiences having used the checklist in the TICD project.
We assume that assessments would be made within a time span where we would not anticipate differences due to changes over time. We would expect different assessors to have different perspectives and make different judgements. We are proposing a structured process that includes initial independent assessments, discussion about those assessments and setting priorities for collecting additional information to resolve disagreements or reduce uncertainty, and new assessments informed by the additional information that is collected (e.g., from interviews or focus groups). We are using the checklist in this way and will report on this (and the advantages of different approaches to obtaining additional information) in subsequent papers.
We will assess if the checklist helps to identify important determinants of practice and to tailor effective implementation intervention. The checklist might also be used to test hypotheses in future research about whether some determinants are specific to some types of practice changes.
Implications for practice
We have produced a comprehensive and generic checklist of determinants of practice, and five worksheets that can be used by people designing, carrying out, evaluating, and reporting implementation interventions. Although it can be used in practice, our testing of the checklist in practice is ongoing, and we anticipate further revisions of the checklist based on this experience.
With its seven domains and 57 determinants of practice, the checklist may be quite challenging to use even for experienced implementation researchers. For people involved in quality improvement, rather than research, it may be even more difficult to use such a long checklist, and a simpler version may be necessary.
